We studied the morphology of poly(styrene-co-butadiene) random copolymers on a graphite surface. Polymer solutions were spin coated onto graphite, at various concentrations and molecular weights. The polymer films and nanostructures were imaged using atomic force microscopy. Above the overlap concentration, thin films formed. However, total wetting did not occur, despite the polymers being well above their . Instead, dewetting was observed suggesting the films were in a state of metastable equilibrium. At lower concentrations, the polymers formed networks, nanoislands, and nanoribbons. Ordered nanopatterns were observed on the surface; the polymers orientated themselves due to π-π stacking interactions 2 reflecting the crystalline structure of the graphite. At the lowest concentration, this ordering was very pronounced. At higher concentrations, it was less defined but still statistically significant. Higher degrees of ordering were observed with poly(styrene-co-butadiene) than polystyrene and polybutadiene homopolymers as the copolymer's aromatic rings are distributed along a flexible chain which maximises π-π stacking. At the two lowest concentrations, the size of the nanoislands and nanoribbons remained similar with varying molecular weight. However, at higher concentrations, the polymer network features were largest at the lowest molecular weight indicating that in this case, a large proportion of shorter chains stay on top of the adsorbed ones. The contact angles of the polymer nanostructures remained mostly constant with size, which is due to the strong polymer/graphite adhesion dominating over line tension and entropic effects.
Introduction
Controlling and understanding the behaviour of polymers on surfaces is important for the successful development of many applications including surface nanopatterning, 1 functional membranes, 2 and composite materials. 3 Polymers are often used as a component in high performance composite materials due to their high toughness and low manufacturing cost. 4 This has led to polymer based composites frequently replacing traditional materials in many applications, such as components for cars and aircrafts. 5, 6 The interface between the polymer matrix and filler components in composite materials is extremely influential in determining the materials bulk physicochemical properties. 7 Despite this, the interactions between polymers and filler materials are often poorly understood at a fundamental level. Studies have shown that polymer behaviour can be different at an interface in comparison to behaviour in the bulk. [8] [9] [10] [11] However, the underlying physicochemical origins for the deviations in behaviour are often unknown or simply unexplored. If the behaviour of polymers at surfaces were more 3 thoroughly understood at a fundamental level, then this would aid in both the design and manufacture of polymer coatings, thin films, and composite materials with enhanced properties.
Composite materials that utilise the polymer/carbon interface have been used in numerous applications for many years. 12 Carbon black particles are used to reinforce elastomeric rubbers in the manufacture of car tyres, which significantly increases properties such as the tensile strength, stiffness, and abrasion resistance of the tyres. 13 Carbon fibres are woven together and embedded into epoxy resins to create a lightweight composite material with very high strength properties which can be used for many structural applications. 14, 15 In more recent years, the discovery of carbon 'super materials' such as carbon nanotubes (CNTs) and graphene have led to further advancements in polymer/carbon nanocomposites. 3, [16] [17] [18] [19] The understanding of the carbon/polymer interface is vital for improving the physicochemical properties of composite materials. However, there are still many open questions regarding the fundamental behaviour of polymers at carbon surfaces. 20, 21 Studying the polymer/carbon interface is an area of extensive research. This research commonly includes investigating the electrical properties of carbon/polymer composites, 22, 23 studying the interactions between carbon nanotubes and polymers, 24, 25 and studying the selfassembly of polymers on graphene for nanolithography applications. [26] [27] [28] [29] Atomic force microscopy (AFM) can also be used as an imaging technique to study the behaviour of many different organic molecules including polymers, on graphite surfaces at the nanoscale. 30, 31 Many AFM studies have focused on characterising the distinct ordering of polymers on graphite. This behaviour is commonly observed in crystalline polymers, such as polyethylene.
In these instances, the dimensions of the c-axis of the polyethylene crystal cell are very 4 similar to the graphite lattice constant. This encourages epitaxial interactions, which create a distinctly ordered polymer morphology. 32 A similar effect is also reported for polymers with alkyl chains. The distance of the 1,3-methylene group in trans alkyl chains is very similar to the graphite lattice constant, which also creates an ordered polymer morphology. [33] [34] [35] Investigations into the distinct ordering of amorphous linear polymers on graphite is a mostly unexplored area, and this could prove useful for nanopatterning applications. To our knowledge, there are no studies which comprehensively characterise polymer thin films, networks, nanoislands and nanoribbons on graphite, across a wide range of concentrations and molecular weights. Furthermore, investigations into the behaviour of linear amorphous copolymers, such as poly(styrene-co-butadiene) on graphite are limited. As far as we are aware, there are no studies investigating the specific ordering of poly(styrene-co-butadiene) on graphite. This is surprising as these polymers are extensively utilised within industry for polymer/carbon composite applications and would serve as a model system of graphitised carbon black.
This study investigates the morphology of poly(styrene-co-butadiene) random copolymer nanostructures on a graphite surface. The relationship between polymer morphology and solution concentration is thoroughly explored. This includes a detailed analysis of the ordering of the polymer nanostructures on graphite. Additionally, an investigation into how varying molecular weight impacts polymer morphology is presented. Finally, we include a study examining the contact angles of the polymer nanostructures.
Experimental Section
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Previously, we investigated the formation of poly(styrene-co-butadiene) random copolymers on a mica surface. 36 The preparation of polymer samples and AFM methodology are the same in both studies, but the mica substrates are replaced with graphite.
Materials
Three samples of poly(styrene-co-butadiene) random copolymers were provided by Michelin. graphite (HOPG) substrates were purchased from Scanwel Ltd. The molecular weights of the poly(styrene-co-butadiene) samples were significantly larger than the entanglement molecular weights of polystyrene (∼13.5 kg/mol) and polybutadiene (∼1.9 kg/mol). 37, 38 This means that polymer samples in the study were able to entangle with one another.
Sample Preparation
The poly(styrene-co-butadiene) samples were prepared in toluene solutions. The solutions were made according to the polymer's overlap concentrations, c*. This is the concentration in which polymer chains in solution will begin to overlap with one another. 39 The overlap concentrations were calculated theoretically for each sample using the following equation:
Where is molecular weight, is the pervaded volume, and is Avogadro's number. 
Atomic Force Microscopy (AFM)
AFM was used to image the polymer formation on the graphite surface at the nanoscale. A Bruker Multimode/Nanoscope IIIa (Bruker, Santa Barbara, Ca, USA) was used for all imaging. To improve image resolution, two scanners were used: a J-scanner and an E-scanner with x-y ranges of ∼160 µm and ∼15 µm, respectively. All experiments were carried out using tapping mode in air at ambient conditions. For all experiments, Bruker RTESPA cantilevers were used with a nominal resonant frequency of 300 kHz, a nominal spring constant of 40 N/m, and a nominal tip radius of 8 nm. The freeware Gwyddion (http://gwyddion.net/) was used for all image processing and analysis.
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Deconvolution
Convolution is an unavoidable error that occurs during AFM imaging. It causes the lateral size of objects to appear larger than in reality and is due to the finite size of the cantilever tip and the object being imaged. 42 This means that the measured widths of polymer aggregates are initially inaccurate. Therefore, a technique known as deconvolution must be carried out to achieve an accurate value for the lateral size of the polymer features. In our previous study of 7 poly(styrene-co-butadiene) on a mica surface, a deconvolution method was presented for calculating the real radius of spherical cap shaped aggregates. 36 This equation can be modified to give the real width, , of spherical cap shaped aggregates:
Where is the real volume of the caps and h is the height of the caps. The polymer morphology on the graphite surface was far more variable, which means additional deconvolution methods were required. At some concentrations, the polymer formed more elongated structures on the surface such as ribbons or networks. Cross-sections were taken of these structures to measure their apparent widths, . In order to measure the real width, , of these elongated structures, a method was adopted from Fung et al. 43 who developed a technique of deconvolution for oligopeptides on a surface. Where h is the height of the structures, and is the radius of the AFM tip:
This method was adopted for our own system, as the oligopeptides in Fung et al. study had similar morphologies to the polymer ribbons or networks formed on the graphite surface.
Therefore, giving a good estimation of the real lateral size of the polymer structures.
Individual polymer aggregates (nanoislands) also formed on the graphite. However, they
were not uniform as some were spherical cap shaped and others were more elongated. In order to determine which deconvolution method was appropriate for the individual aggregates, their eccentricity , was measured to identify how circular or elliptical an aggregate was. The eccentricity was defined as:
Where is length of the minor axis (width), and a is the length of the major axis (length).
When ranged from 0 -0.6, the droplet could be considered a spherical cap and Eq.1 was used. When ranged from 0.6 -1, the method used in Eq.2 was better suited.
The number of chains in each aggregate was then found by calculating the volume of a single chain, , from its molecular weight, , and density, :
The density of the poly(styrene-co-butadiene) copolymers were assumed to be equal to their bulk values (∼0.95 g/cm 3 ). 40 The total real volume, was then divided by the volume of a single polymer chain to provide a value of how many chains made up each aggregate.
Contact Angle Measurements
The contact angles of the polymer features were obtained by using AFM. The following equation was adopted to calculate the contact angle, θ, of the spherical cap shaped nanodroplets:
However, polymer morphology on the graphite surface was variable. Therefore, in order to achieve reasonable contact angle values for the less uniformly shaped aggregates, multiple line scans were taken along the profile of each aggregate. Individually, the line scans appeared as 2D cap shaped and thus, the contact angle could be measured. The average contact angle of the multiple line scans were calculated to give an overall value for each aggregate. The ESI contains profile plots of typical polymer features at each concentration 9 fitted to 2D spherical caps.
Data Analysis
In each AFM image, there were many individual polymer features that formed on the graphite. Therefore, on the graphs in were compared at varying parameters. Error bars associated with the error using AFM were omitted as they were at the size or smaller than the symbols used. Fast Fourier transforms (FFT) were utilised to calculate the peak-to-peak distances of the polymer network features.
Details of the FFT analysis can be found in the ESI. Analysis of the topography of the graphite surface is also included in the ESI. the coarse networks at 1c* were considerably larger than the three lower concentrations. The coarse networks had a polydisperse width distribution, whereas at 0.001c*, the width distribution was much more monodisperse. For the 86 kg/mol sample, the nanoislands that formed at 0.01c*, also had a more polydisperse width distribution. . 45, 46 This suggests that at this concentration, many of the polymers were adsorbed onto the graphite surface in a monolayer.
Results and Discussion
AFM Images and Profiles
However, the average widths of the nanoribbons were 38 nm, 48 nm, and 22 nm for the 46 kg/mol, 86 kg/mol and 355 kg/mol samples, respectively. These values are far greater than the width of a single polymer chain. This suggests that at the graphite surface, the polymer chains either fold against themselves, or many chains aggregate side by side to create a nanoribbon with monolayer thickness.
Thin Film Morphology
At the highest concentration (3c*), mostly continuous thin films were formed on the graphite at each molecular weight. AFM images and cross-sectional profile plots of holes in the films were used to calculate values of film thickness. Details of this analysis, in addition to a typical phase image and profile plot are included in the ESI. The film thickness values were 20 nm and 32 nm for the 46 kg/mol and 355 kg/mol samples, respectively. An accurate measurement of film thickness could not be obtained for the 86 kg/mol sample as the dewetted holes imaged were small. This meant we could not be certain that the holes exposed the graphite surface. However, we can conclude that the films had a thickness of ≥ 9 nm. It was expected that the polymer films would be continuous and no dewetting would be observed on the surface. This is because the effective Hamaker constant of the system was 14 negative and the films had larger thickness values than the polymers radius of gyration ( ) (see ESI for details). 47, 48 However, this was not the case and we observed the formation of holes in the films created by dewetting through rapid nucleation caused by impurities, thermal fluctuations or spinodal decompositon. 49, 50 The holes in the films were either small ( Figure 1A ), or larger with raised rims around their circumference ( Figure 3A) . hours at ∼ 55˚C above their , the polymers did not form equilibrium structures on the graphite. This shows that the films were in a state of metastable equilibrium. This metastable state could be caused by interface effects and surface confinement. 9, 51 To further probe the dewetting behaviour of the thin films, the relationship between the diameter of the dewetted holes and the height of the rims around the circumference of the holes was investigated. A linear relationship between hole diameter and rim height was observed by G. Reiter using almost glassy polystyrene thin films on a highly nonwettable substrate annealed close to their . 52 Reiter explained that this linear trend, alongside the asymmetric shape of the rim, strongly suggested that the polymer did not flow like a viscous liquid. Instead, driving capillary forces were responsible for plastically deforming the film, creating dewetting. Furthermore, under these experimental conditions, the reptation time of the polymer was over a year, which means viscous flow could not occur in the experimental time scale. Figure 6 shows the relationship between hole diameter and rim height at 3c* for the 355 kg/mol sample. The graph shows that there is a linear relationship between hole diameter and rim height for the poly(styrene-co-butadiene) thin film at 355 kg/mol in our study, despite the polymer being deposited onto a strongly adsorbing substrate. Furthermore, the shape of the 15 rims were asymmetric, with sloped rear sides and steep insides (see Figure S -13 in ESI). This behaviour was only observed for the 355 kg/mol sample, as the films were in a more advanced state of dewetting due to an increased film thickness. This led to larger holes and the formation of raised rims. The slope of the graph in Figure 6 relates to the material properties of the system including film thickness, viscosity in the film, and the coefficient of friction at the interface. 53 This is an interesting result, as the 355 kg/mol polymer was considerably above its at room temperature, which can account for the viscous fingering observed in the films ( Figure 3A ), but cannot account for the above observations which are usually attributed to plastic deformation. 52 Whilst we cannot conclusively say that the film had experienced plastic deformation, the observed dewetting behaviour does indicate this.
Therefore, the polymer films may have exhibited both viscous dewetting and plastic deformation. This could have been influenced by an increase in the effective of the adsorbed polymers due to confinement effects at the interface. 54 In our previous study of poly(styrene-co-butadiene) on a mica surface, the polymer thin films also exhibited a linear relationship between rim height and hole diameter, and asymmetrically shaped rims. 36 This was again indicative of both plastic deformation and viscous dewetting.
However, there are some significant differences in the dewetting behaviour of the thin films on each substrate. On the mica surface, the dewetted holes were large with maximum diameters of ∼ 15 µm. Whereas, under the same experimental conditions on the graphite surface, the dewetted holes were smaller with diameters up to only ∼ 3 µm. Additionally, on the mica substrate, the thin films had much larger viscous fingering patterns. This suggests that strong adsorption of the polymers to the graphite surface causes a decrease in the rate of hole growth by preventing movement of the chains. Therefore, the dewetted holes on the graphite were in the early stages of dewetting, and thus, there was a reduced accumulation of polymeric material around their circumference which led to limited viscous fingering patterns. Figure 7A shows an AFM phase image for the 86 kg/mol polymer at 0.001c*. The image shows a series of nanostructures on the surface created through self-assembly of the polymer, with specific ordering at intervals of 60˚. This is further demonstrated in the histogram in Figure 7B , which exhibits distinct peaks at intervals of 60˚. This shows that the polymer chains orientated themselves to reflect the crystalline symmetry of graphite, creating an ordered nanopattern. 55 This behaviour has been previously observed with crystalline polymers, such as polyethylene. While graphite has a hexagonal crystalline structure and polyethylene has an orthorhombic crystal structure; 56,57 the distance of the next nearest neighbour of the graphite lattice (2.46Å) is similar to the length of the c-axis in a polyethylene crystal cell (2.55Å). 32 This encourages epitaxial nucleation on the graphite surface resulting in an ordered polymer morphology. The effect has also been observed on graphite using polymers with pendant alkyl chains. In these instances, the 1,3-methylene group distance (2.51Å) in trans alkyl chains matches the distance of the next nearest neighbour of the graphite lattice, with adsorption of the alkyl chains onto the graphite surface driving the distinct ordering. [33] [34] [35] Previous research has demonstrated that observing distinct ordering on graphite is uncommon when using a linear amorphous polymer. Chen et al. 58 observed specific ordering with the amorphous homopolymer poly(4-vinylpyridine) (P4VP) on graphite. of the features measured were arranged at intervals of 60˚. At 0.01c* and 0.1c*, 69% and 68% of the features measured were arranged at angles of 60˚, respectively. At 1c*, the average height of the features was 38 nm and 48% of the features measured were arranged at 60˚ intervals. This ordering may be due to π-π stacking interactions between the poly(styreneco-butadiene) and the graphite surface. This intermolecular interaction appears to drive ordering in samples at higher concentrations, as some ordering is observed for nanostructures with height values much greater than previously reported with amorphous polymers. 58 The π-π stacking interactions may be more favourable between polystyrene and graphite compared to polybutadiene and graphite due to the aromatic ring in the styrene unit. Thus, the nanopatterning may be driven by the ∼25% styrene units in the random poly(styrene-co-butadiene) copolymers. Therefore, the morphology of polystyrene and polybutadiene homopolymers on graphite was studied to investigate the influence of aromatic rings in creating this ordering in polymers at the nanoscale. AFM height images and orientation (relative) frequency distributions for the polystyrene and polybutadiene homopolymers at each concentration investigated can be found in the ESI. The homopolymers had similar molecular weights to the poly(styrene-co-butadiene) samples and were deposited onto graphite using the same experimental methods. The polystyrene formed a continuous network and asymmetrical nanoislands on the surface. The average height of the network was 1.3 nm and 42% of the features measured were orientated at 60˚ intervals. The average height of the asymmetrical nanoislands was 1.5 nm and 42% of the features measured were orientated at 60˚ intervals. For nanostructures with similar height values, we observed significantly more ordering for poly(styrene-co-butadiene) than polystyrene. This is somewhat surprising, as polystyrene contains a greater number of aromatic rings and thus the potential for increased π-π stacking. Yang et al. 59 demonstrated that chain flexibility can affect the interactions between polymers and CNT's. In our study, the poly(styrene-co-butadiene) chains are more flexible than polystyrene, and the aromatic rings are arranged randomly along the chain. 1H
Distinct Ordering of Polymer Nanostructures
NMR conducted by the provider examined the monomer distribution in the chains. It was demonstrated that there was a >95% probability that the styrene blocks in the chains had lengths of 1 -3 monomer units (the same applies to butadiene monomers). This shows that the random copolymers did not contain large blocks of either styrene or butadiene monomer units. Therefore, the random distribution of the styrene units may have prevented in-chain π-π stacking interactions, and gave the chain enough flexibility to allow the rings to align on the surface and maximise π-π stacking with the graphite. In polystyrene, the aromatic rings are adjacent to each other, and the chain is less flexible. This prevents free movement of the rings and means that collectively, they cannot align to maximise π-π stacking with the surface.
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The polybutadiene homopolymer formed a semi-continuous film and asymmetrical nanoislands at the concentrations investigated. The average height of the semi-continuous film was 2.5 nm and 42% of the features measured were orientated at angles of 60˚. The average height of the asymmetrical nanoislands was 3.5 nm and 41% of the features measured were orientated at 60˚ intervals. The heights of the polybutadiene structures were very similar to that of the poly(styrene-co-butadiene) networks and islands. However, the poly(styrene-co-butadiene) experienced a significantly greater degree of ordering on the surface. This demonstrates that although polybutadiene is flexible, the lack of aromatic rings prevents a high degree of ordering due to limited π-π stacking. These results suggest that the ordering of amorphous polymers on a carbon surface is heavily influenced by both chain flexibility and the proportion of aromatic rings in a chain. This ordering effect at a carbon surface could prove useful in nanopatterning applications. The graphs in Figures 10A and 10B show similar trends as feature height decreased with increasing molecular weight for the networks formed at both 1c* and 0.1c*. Furthermore, the height distribution was lowest at 355 kg/mol at both concentrations. Figure 10C shows that at 0.01c*, the height values of the nanoislands generally remained constant as molecular weight was increased. The average height value only varied by 9 nm across all three molecular weights. However, the 355 kg/mol sample had a considerably smaller height distribution than the two lower molecular weight samples. Figure 10D shows that the height of the nanoribbons that formed at 0.001c* were very similar for the 46 kg/mol and 86 kg/mol samples which had average values of 0.44 nm and 0.42 nm, respectively. The 355 kg/mol sample had a marginally larger average height value (0.65 nm) and the largest height distribution. Figures 9C and 10C show that the heights and widths of the nanoislands formed at 0.01c* remained mostly constant with variations in molecular weight. Therefore, as molecular weight increased and the polymer chains became longer, it took fewer chains to assemble into aggregates of the same size. The graph demonstrating this trend can be found 21 in the ESI.
Molecular Weight Effects Size Distribution of Polymer Features
For the networks that formed at 1c* and 0.1c*, generally the average size of the polymer features decreased with increasing molecular weight. However, for the nanoislands and nanoribbons that formed at 0.01c* and 0.001c*, the size of the features remained similar when molecular weight increased. The reason for this varying relationship between molecular weight and nanostructure size is due to adsorption effects. Chains with higher molecular weights tend to maximise their contact with the surface, so that the sum of the adsorption energy gained from the adsorbed monomers is greater than the entropic loss. 40, 60 This means it is favourable for the longer chains to maximise contact with the surface, despite the loss of entropy due to confinement. 61 However, for the lower molecular weight chains, it is less energetically favourable for them to adsorb to the surface, as the sum of the adsorption energy gained may not exceed the entropic loss. Consequently, the shorter chains will stay away from the surface in a more unperturbed state, meaning that larger features are more likely. 40 This is prevalent during the final stages of evaporation where the shorter chains can desorb more easily following the instabilities of the solvent and create larger features, whereas the longer chains are strongly bound to the surface. This behaviour explains why at higher concentrations we observed larger polymer features at lower molecular weights.
However, at lower concentrations, the size of the polymer features remained fairly constant with increasing molecular weight. This is because there were fewer chains present at the surface during solvent evaporation, which means the chains were likely to be adsorbed onto the graphite surface regardless of molecular weight.
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The relationship between feature size and molecular weight on the graphite surface is very different to when the poly(styrene-co-butadiene) was deposited onto mica. On the mica substrate, the average size of the polymer features generally increased with increasing molecular weight at each concentration. 36 This is because the poly(styrene-co-butadiene)
weakly adsorbs onto the mica surface which means that the chains do not experience the same loss of entropy and gain in adsorption energy due to confinement effects. Instead, it is favourable for the chains to minimise surface energy and aggregate into spherical caps, regardless of molecular weight. This behaviour leads to fewer but larger aggregates on the mica surface at higher molecular weights.
Thin Film Morphology
The 355 kg/mol polymer films had greater thickness values than the 46 kg/mol films.
Furthermore, the 355 kg/mol thin films appeared to be in a more advanced state of dewetting, exhibiting larger holes (diameters up to 3 µm) with distinct raised rims around their circumferences. The 46 kg/mol films had smaller holes (diameters up to 2 µm) and no raised rims. The apparent reason for this increased dewetting for the 355 kg/mol sample is not directly due to molecular weight effects. Previous investigations have demonstrated that the rate of dewetting for thin films with similar thicknesses did not change with variations in molecular weight. 52 The likely reason for this dewetting behaviour appears to be due to a greater initial film thickness in the 355 kg/mol sample. A greater amount of dewetting in polymer thin films with a larger thickness has been reported in the literature, as well as in our previous work. 36, 62, 63 Many factors are thought to be responsible for creating this relationship including the magnitude of the van der Waals force acting on a film which increases with increasing film thickness and thus creates a faster rate of dewetting. 64 However, the reason 23 why the 355 kg/mol sample had a greater film thickness could be due to a higher molecular weight which allowed more polymeric material to remain on the graphite substrate during spin coating via increased viscosity and entanglements. 36 This suggests that although molecular weight effects did not directly causing an increase in dewetting, they were indirectly influencing this behaviour by creating films with larger thicknesses.
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Contact Angle Effects
The contact angles of the polymer features were investigated in relation to feature width. It was found that there was no specific size dependence on the polymer contact angle and the average contact angle values were all small (< 9˚ 
Summary and Conclusion
We have carried out a comprehensive study on the fundamental behaviour of poly(styreneco-butadiene) random copolymers on a graphite surface at the nanoscale. Above the overlap concentration, mostly continuous thin films formed which experienced partial dewetting. This is significant as the polymers have a very low , and therefore, it would be expected for equilibrium structures to form on the strongly absorbing graphite surface. Instead, dewetting occurred demonstrating that the polymers were in a state of metastable equilibrium. This could be caused by interface and confinement effects.
A linear relationship between the diameter of the dewetted holes and the height of their raised rims was also observed, in addition to evidence of viscous fingering. This demonstrated that the thin films exhibited both viscous and plastic properties. As concentration was reduced, networks, asymmetrical nanoislands, and nanoribbons formed on the graphite. There was variability in feature size at different concentrations which appeared to be due to the changes in polymer morphology from continuous networks to nanoislands and nanoribbons.
Precise ordering of the polymer chains was observed at the lowest concentration, creating epitaxy-like features on the surface arranged at 60˚ intervals. This demonstrated that through π-π stacking interactions; poly(styrene-co-butadiene) can self-assemble via spin coating to reflect the crystalline structure of the graphite and create ordered nanopatterns. Furthermore, we have shown that at higher concentrations (up to 1c*), polymer morphology also experiences some degree of ordering in nanostructures with average heights up to 38 nm.
This demonstrated that the π-π stacking interactions between the copolymer and the graphite are highly favourable. To further investigate the interactions between our copolymer and the graphite, the experiments were repeated using polybutadiene and polystyrene homopolymers.
Both homopolymers experienced significantly less ordering on the surface compared to poly(styrene-co-butadiene). We can conclude that a high degree of ordering was observed in poly(styrene-co-butadiene) due to the aromatic rings being randomly spaced along a flexible chain which maximises π-π stacking interactions.
The 355 kg/mol thin film exhibited a greater amount of dewetting than the 46 kg/mol thin film. The likely reason for this is that the 355 kg/mol sample had a larger film thickness which increased the rate of dewetting. For the networks that formed at 1c* and 0.1c*, the size of the features were generally largest at the lowest molecular weight. This is because the shorter chains will be less likely to adsorb to the surface and remain in an unperturbed state, due to limited gains in adsorption energy from binding to the surface. However, at 0.01c* and 0.001c*, the size of the nanoislands and nanoribbons remained more constant with increasing molecular weight. This is because at lower concentrations, there were fewer chains at the surface during solvent evaporation. This means at every molecular weight, it is more probable for the individual chains to adsorb to the surface.
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We have demonstrated experimentally that the contact angle of the polymer features remained fairly constant with varying feature size. These results are in line with previous simulation experiments, and show that the strong polymer/graphite adhesion prevents any influence on contact angle, from line tension or an increased effective elastic modulus.
We have provided a greater understanding of how polymers behave at a carbon surface at the nanoscale. This could prove beneficial in optimising the design and manufacturing processes of composite materials, and lead to improvements in their bulk physicochemical properties.
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